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I. In t roduc t ion  

The purposes of t h i s  research  were t o  i d e n t i f y  and q u a n t i f y  any 

b i o l o g i c a l  pathways f o r  t h e  movement o f  Plutonium i n  t h e  t h r e e  major 

w a t e r  courses  a t  Rocky F l a t s .  The approaches t o  accomplish t h e s e  ob- 

j e c t i v e s  were as fol lows.  

1. S t r e a m  and Pond Morphometry d a t a ,  e .g . ,  f low ra te ,  pond volumes, 

average and maximum water dep ths ,  sediment depths  and sediment com- 

p o s i t i o n ,  was c o l l e c t e d  on a seasona l  b a s i s .  

2 .  The i'nventory of a q u a t i c  p l a n t s  and an imals ,  as w e l l  as t h e  

terrestr ia l  s p e c i e s  I n  t h e  pond v i c i n i t y  was cont inued.  

3. Concurrent wi th  t h e  inventory ,  samples were c o l l e c t e d  f o r  Plu- 

tonium assay. The samples  were p r i n c i p a l l y  a q u a t i c  p l a n t s  and 

an imals ,  sediments and water. 

4 .  

ments were conducted t o  e l u c i d a t e  Pu t r a n s p o r t  mechanism i n  sed i -  

ments, terrestrial  p l a n t s ,  b a c t e r i a  and a lgae .  

From r e s u l t s  of t h e  previous y e a r  of  s t u d y ,  l a b o r a t o r y  experi- 

A s u b s t a n t i a l  e f f o r t  du r ing  t h e  y e a r  w a s  spen t  on r e v i s i o n  of t h e  

Pu a n a l y s i s  technique.  The p resen t  a n a l y t i c a l  method is completely 

desc r ibed  i n  t h i s  r e p o r t .  

Our sampling p ro toco l  a l s o  w a s  s e r i o u s l y  i n t e r r u p t e d  du r ing  t h e  

summer months by pond r e c o n s t r u c t i o n  a c t i v i t y .  

c a l l y  d i s t u r b e d  the  pond.biology and k i n e t i c s  b u t  does a l low obse rva t ion  

of  t h e  approach t o  a new equ i l ib r ium i n  the a l t e r e d  ponds as w e l l  as 

t h e  new one. 

This a c t i v i t y  d r a s t i -  

1 
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Figure 1. Study area of Rocky Flats environs showing ponds 1 - 7 
and the four reservoirs .  Flow on Woman and the  Walnut 
creeks is  from West to East. 
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11. Methods 

Figure 1. gives the locations of aquatic systems in the Rocky 

Flats environs. Ponds 1-6 and the reservoirs are our study areas 

and pond 7 serves as a control pond. 

8, will be of great interest in the future. 

The new pond, designated as pond 

A. Sampling Protocol 

1. Sediment 

Samples o f  sediment are taken once per month from ponds 1 - 6 and 

approximately once per month from pond 7 ,  Great Western and Standley 

Reservoirs. Samples of approximately 5 g of the top 3 -5  cm of the 

sediment eollected. A grid system has been set up for each pond 

and sampling is uniform over each pond surface. Approximately 25 

samples are taken per pond each sampling day. 

2. Plants 

An inventory of all major terrestrial plant species in the vicinity 

of ponds 1 - 6 has been completed. In addition, the species growing 

along the creek beds and in the vicinity of the reservoirs has been 

completed. Species identification were performed by Mfss Sharon 

Svalberg. These samples were compared to those in theXSU herbarium for 

absolute identification (Table 1). 

Aquatic plants in the water courses were also inventoried.(Table 1) 

Plant samples are collected for Pu analysis at the grid markings 

around each pond approximately one time per month. 

major species are collected at each location. 

Several of the 

Algae i s  collected from each pond and the reservoirs .one.time per 

month. 



phytoplankton ( p r i n c i p a l l y  green and blue-green a l g a e )  are col-  

l e c t e d  c o i n c i d e n t a l l y  wi th  f i l t e r i n g  of water samples.  

General ly ,  t h e  t o t a l  p l a n t  sample is analyzed;  however, i n  s e v e r a l  

i n s t ances  s e p a r a t i o n  of  leaves, stems and f r u i t  o r  f lower has  been 

performed. 

3 .  Water 

Water samples  are c o l l e c t e d  a t  approximately 1 2  l o c a t i o n s  p e r  

pond once p e r  month. One- l i te r  samples a r e  taken a t  t h e  s u r f a c e ,  1/2 

depth and f u l l  depth .  I n  a d d i t i o n ,  one t i m e  p e r  month a f i v e - l i t e r  

sample c o l l e c t e d  near  t h e  i n l e t  and a f i v e - l i t e r  sample c o l l e c t e d  near  

t he  o u t l e t  are composited. A l l  water samples are f i l t e r e d  f i r s t  through 

a Whatman 141 f l l t e r .  The f i l t e r  r e s i d u e  is used f o r  phytoplankton 

a n a l y s i s .  The water sample i s  then f i l t e r e d  through a m i l l i p o r e  f i l t e r .  

4 .  Animals  

Animal l i f e  near  t h e  ponds and on t h e  two creeks  are c o l l e c t e d  

wherever poss ib l e .  F ish  have been c o l l e c t e d  only  i n  ponds 1, 6 and 7 ,  

and t h e  r e s e r v o i r s .  Zooplankton i s  c o l l e c t e d  one t i m e  p e r  month i n  

ponds 1 - 6 by a nanoplankton n e t .  Frogs,  snakes and c r a y f i s h ,  are 

abundant and have been c o l l e c t e d  by t r app ing .  

from t h e  herd t h a t  f r equen t s  t h e  south  s e c t i o n  of ‘ t h e  s i t e  has  been 

obtained under a s c i e n t i f i c  c o l l e c t i o n  permit .  

To d a t e ,  one doe dee r  

On a l l  mammals c o l l e c t e d ,  t h e  lung  t i s s u e ,  l i v e r ,  bone, m u s c l e ,  

stomach con ten t s  and s k i n  are analyzed. For c r a y f i s h ,  the exoskeleton 

is scrubbed t o  remove s u r f a c e  contamination. 

Once a month an Ekman Dredge is used t o  c o l l e c t  a l a r g e  sample of 

sediment from each pond. 

organisms. 

This samp1e.i.s analyzed f o r  bottom feeding  
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B .  

The 

b i n a t  i on 

Ana ly t i ca l  Protocol  

a n a l y t i c a l  method now used f o r  plutonium a n a l y s i s  is a com- 

of t he  methods of Keough and Powers,and a Rocky F l a t s  i on  ex- 

( 1 9 2 )  change procedure f o r  s o i l s .  An o u t l i n e  of t he  method is as follows: 

1. Wet ash sample  i n  Pyrex beaker with hot  concent ra ted  HN03 f o r  

4 hours .  

Ash i n  muff le  furnace a t  45OoC f o r  7 hours .  

Wet ash r e s idue  with ho t  concent ra ted  HNO3 f o r  3 hours .  

Ash i n  muffle furnace a t  45OoC for 7 hours .  

2 .  

3 .  

4 .  

5. a )  S o i l s  - D i g e s t  in concent ra ted  HF a t  low tempera,ture in 

a Teflon beaker.  

Other samples - Digest  i n  6M HNO3 + 6M HF a t  low tem-  

pe ra tu re  i n  Pyrex beaker .  

b )  

6 .  Evaporate t o  dryness on ho t  p l a t e .  

7.  Repeat s t e p s  5 and 6 .  

8, 

9 .  Prepare ion  exchange column. 

Digest  i n  7.5MHN03 and evapora te  t o  dryness .  

a )  Pack column with s l u r r y  of amber l i te  CG400, 100-200 

mesh anion exchange r e s i n .  

P a s s  30 m l  (10 m l  a t  a t ime)  7.5MHN03 through column 

t o  condi t ion.  

b) 

10. 

11. 

12. 

Dissolve sample ( s t e p  8) i n  7 .5MHN03.  

Allow sample t o  d r a i n  completely through column. 

Rinse sample beaker 3 t i m e s  w i th  10 m l  of 7.5MHN03 and a l low 

t o  d r a i n  through column. 

13. Add 7.5MH.NO3 u n t i l  e f f l u e n t  is c o l o r l e e s .  (This s t e p  removes 

i ron .  ) 

I -  
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14.  Pass 20 ml. 9MHC1 through column. (Removes n i t r i c  ac id  

from column.) 

15. Add Hydroxylamine Hydrochloride c r y s t a l s  t o  top of  r e s i n  

bed. 

Pass 25 m l .  of 9MHC1-5% MI41 s o l u t i o n  through column. 

l ec t  Pu e f f l u e n t  i n  beaker.  

16. Col- 

1 7 .  Pass 25-50 ml. of0.5MHC1 ac id  through column. Uranium w i l l b e  

p re sen t  i n  t h i s  e f f l u e n t .  

Add 10 m l .  of concentrated HNO3 t o  t h e e f f l u e n t  from s t e p  16 

and evaporate  t o  dryness on low t o  medium temperature .  

Add 10  m l .  of 81.1 HN03 and evaporate  t o  dryness .  

Disso lve  i n  10 ml.2MHNO3 --2M Boric  a c i d .  

18. 

19. 

20. 

21. Transfer  t o  counting v i a l  and add 1 drop of 4 M  urea  and 4 m l .  

of .6M d i  (2- e thythexyl )  Phosphoric ac id  (D2EHPA) p l u s  

s c i n t i l l a t o r  s o l u t i o n  (p-terphenyl - POPOP i n  t o luene )  

I 22. Shake t o  suspend ex t r ac t ed  Pu in organic  phase. 

23. Count f o r  100 minutes i n  Liquid S c i n t i l l a t i o n  Counter. 

.- 

Notes : 

1. 

2 .  

The recovery of the method:91 - +4.6X. (1 standard  dev ia t ion ) .  

Counting y i e l d  on Nuclear Chicago Mark I1 Liquid S c i n t i l l a t i o n  

Counter a t  H-6 gain and window s e t t i n g s  of 7%-15% is 97%. 

, 

3. Decontamination f a c t o r  f o r  n a t u r a l  Uranium ism200 and f o r  

enr iched  Uranium ~ 5 0 .  

4 .  Minimum de tec t ab le  a c t i v i t y  (MDA) is c a l c u l a t e d  as.: 
. .  

MDA (95%'confidence l e v e l )  = 2 f c  . .  . 

. . .  _c 

. . .  . . .  t . .  
.. . 

. .  . 

I . .  
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first trial was'a variation 

Butler . .An oukline'of the 3 
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where Rb = background count rate 

t = time 

For 100 minute count the MDA is0.18 pCi/sample. 

The original Keough and Powers method is also used in many of the 

laboratory experiments where Uranium is not present! 

this procedure is as follows: 

An outline of 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

Wet ash sample in Pyrex beaker with hot concentrated HN03 for 

4 hours. 

Ash in muffle furnace at 450 C for 7 hours. 

Wet ash residue with hot concentrated HN03 for 3 hours. 

Ash in muffle furnace at 45OoC for 7 hours. 

Digest in 6 M HN03 + 6 M HF. 

Evaporate to dryness on hot plate. 

Digest again in 6 M HN03 + 6 M HF. 

Evaporate to dryness. 

Digest in 8 M HN03 and evaporate to dryness. 

Dissolve in hot 2 M HN03 + 0.2 M H3B03. 

0 

11. Aliquot 10 ml. to liquid scintillation counting vial and 

add 1 drop 4 M urea. 

12. Add 4 ml. 0.6 M di(2- ethylhexyl) phosphoric acid, (D2EHPA) 

+ scintillator solution (p-terphenyl - POPOP in toluene) . 
13. Shake to suspend extracted Pu in organic phase. 

14. Count for 100 min. in liquid scintillation counter. 

Various solvent extraction and ion exchange procedures were inves- 

tigated prior to the acceptance of the procedure now in operation. The 

of the solvent extraction procedure by F.E. 

procedure is as follows: 

... 
. .  
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1. 

2.  

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12.  

13.  

14. 

15. 

16. 

Wet a s h  I n  25 m l .  ho t  concent ra ted  HNO3 and i n  Pyrex beaker 

over low t o  medium h e a t  t o  dryness .  

Muffle a t  45OoC f o r  3 hours.  

Repeat s t e p s  1 and 2 .  

Digest  i n  25 m l .  6 M HN03 - 6 M HF. 

Evaporate t o  dryness .  

Repeat s t e p s  4 and 5 .  

Add 10 m l .  of 8 N HC1 t o  t h e  salts twice, evapora t ing  t o  

dryness each time. 

Dissolve s a l t s  i n  50 ml. of 8 M H C 1  (with h e a t ) ,  and pour 

the  s o l u t i o n  i n t o  a s epa ra to ry  funnel .  

Rinse t h e  o r i g i n a l  con ta ine r  twice  wi th  15 m l .  of 8 M HC1, 

and add t h e  r i n s e s  t o  t h e  funnel .  

Add 10 drops of 30% H 2 0 2 .  

Add 25 ml of 10% TIOA-xylene t o  the  funne l  and shake vigorously 

f o r  10 seconds. 

Drain and d i sca rd  the  aqueous l a y e r .  

Rinse t h e  organic  phase wi th  25 m l .  of 8 M HC1. Discard the 

r i n s e  so lu t ion .  

Add 25 ml. of 50 t o  8OoC 8 M HC1 -.05 M NH41 and shake f o r  

1 minute t o  s t r i p  plutonium. (Release p res su re  a f t e r  shaking 

5 seconds.)  

Repeat s t e p  14 and combine t h e  two 25 m l .  s o l u t i o n s .  

S t r i p  Uranium with  two 25 m l .  volumes of .I M. HC1 and combine 

t h e  s o l u t i o n s .  
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17.  Evaporate  each s t r i p  s o l u t i o n  t o  d r y n e s s .  Des t roy  o r g a n i c  

r e s i d u e  ( i f a n y )  by w e t  a s h i n g  w i t h  c o n c e n t r a t e d  HN03. 

Add 10 m l .  of 8 M HHO3 a c i d  and  e v a p o r a t e  t o  d r y n e s s .  

D i s s o l v e  r e s i d u e s  i n  10 m l .  2 M HNO3 -0.2M B o r i c  a c i d .  

T r a n s f e r  t o  count ing  v i a l s  and add 1 drop 4 M Urea and 

Keough and Powers c o c k t a i l .  

18. 

19 .  

20. 

21. Count i n  l i q u i d  s c i n t i l l a t i o n  c m n t e r  for 100 min. 

No p o s i t i v e  r e s u l t s  were o b t a i n e d  u s i n g  t h i s  method. Y i e l d s  of Pu, 

e n r i c h e d  Uranium, and n a t u r a l  Uranium had l a r g e  v a r i a n c e s .  The i m -  

media te  cause  w a s  s u s p e c t e d  t o  b e  t h e  use of t h e  2 M HNO3-0.2 Y B o r i c  

a c i d  in t h e  e x t r a c t i o n  s t e p .  T h e r e f o r e ,  t h e  experiment  w a s  r e p e a t e d  

a s  f o l l o w s :  

S t e p s  1 - 1 7 .  Unchanged 

S t e p  18. 

S tep  19. D i s s o l v e  r e s i d u e s  in 10 m l .  of 3 N H C 1 4 . 3 M  Boric acid. 

S tep  20. 

Add 10 m l .  of 8 M HC1 a c i d  and e v a p o r a t e  t o  d r y n e s s .  

T r a n s f e r  t o  c o u n t i n g  v i a 1 , a n d  add 1 drop  4 M Urea, 5 

d r o p s  .01  M Sodium dichromate ,  and Keough and  Power's  

c o c k t a i l .  

Again no p o s i t i v e  r e s u l t s  were o b t a i n e d .  B u t l e r ' s  method w a s  

abandoned because  i t  w a s  concluded t h a t  t h e  Keough and Powers method 

u s i n g  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  w a s  n o t  compat ib le  w i t h  t h e  s o l v e n t  

I e x t r a c t i o n  procedure  due t o  f a c t o r s  n o t  fully unders tood  i n  e n v i r o n m e n t a l  

I samples .  

A f t e r  n e g a t i v e  r e s u l t s  were o b t a i n e d  u s i n g  B u t l e r ' s  p r o c e d u r e ,  a 

v a r i a t i o n  of  t h e  s o l v e n t  e x t r a c t i o n w a s  a t t e m p t e d .  The method w a s  ob- 

t a i n e d  from Rocky F l a t s  '. An o u t l i n e  of t h i s  p r o c e d u r e  is as follows: 
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1. 

2. 

3.  

4 .  

5.  

6. 

7. 

8. 

9 .  

10. 

11. 

1 2 .  

10 

Wet a sh  i n  2 5  m l .  h o t  concent ra ted  HN03. 

Evaporate t o  dryness .  

Muffle a t  450°C f o r  3 hours .  

Repeat s t e p s  1 - 3.  

Diges t  i n  25 m l .  6 H HN03 - 6 M HF. 

Evaporate t o  dryness .  

Repeat s t e p s  5 and 6 .  

Add 10 ml. 8M HC1, evapora te  a t  medium h e a t  t o  dryness .  

Repeat s t e p  8.  

Dissolve r e s idue  i n  25 ml. 3 M HC1. 

Add sample from s t e p  10 t o  sepa ra to ry  funnel .  

Rinse beaker  wi th  10 m l .  3 M HC1 and add t h i s  t o  sepa ra to ry  

funne l  i n  s t e p  11. 

13. Add 25 m l .  5% TIOA-xylene s o l u t i o n  t o  s e p a r a t o r y  funnel .  

14 .  Shake funne l  f o r  10 sec .  

15. Remove aqueous l a y e r  con ta in ing  Pu t o  c l e a n  beaker .  

16.  Add 1 5  m l .  of 3 M HC1-0.3 M Boric  ac id  t o  s e p a r a t o r y  funne l  t o  

r i n s e  Pu from TIOA.  

17 .  Shake f o r  10 seconds and add aqueous l a y e r  t o  beaker  i n  s t e p  

18. Evaporate Pu s o l u t i o n  t o  dryness .  

19.  Disso lve  r e s i d u e  i n  10 m l .  3M HC1-0.3 Boric  a c i d  and t r a n s f e r  

to  count ing v i a l .  

Add 20 m l .  0.l.M HC1 a c i d  t o  s e p a r a t o r y  funne l  and shake f o r  

10 seconds.  

20. 

21. Remove aqueous l a y e r  conta ing  Uranium t o  c l e a n  beaker .  
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2 2 .  Rinse TIOA i n  sepa ra to ry  funnel  wi th  10 m l .  0-1M H C 1  and 

add r i n s e  t o  beaker i n  s t e p  21. 

23. Evaporate t o  dryness and d i s s o l v e  i n  10 ml. 3~ HC1-0.3~ 

Boric  a c i d .  

2 4 .  Trans fe r  t o  counting v i a l .  

2 5 .  Add 1 drop 4 M Urea and 5 drops .01 M sodium dichromate.  

Then add Keough and Power's c o c k t a i l .  

26. Shake v i a l s  and count i n  l i q u i d  ~ c i n t i l l a t i o n  v i a l  f o r  100 

minutes.  

Repl ica te  samples of sp ikes  s o l u t i o n s ,  both high and low a c t i v i t y ,  

of 239Pu, n a t u r a l  Uranium, and enriched Uranium r e s u l t e d  i n  h igh ly  

co lored  s o l u t i o n s  i n  t h e  count ing v i a l s .  Due t o  t h e  v a r i a t i o n  i n  

quenching, no conclusions could b e  drawn. A t  the  t i m e  i t  w a s  thought 

t h a t  perhaps the re  might be a 

d i g e s t i o n  which l e d  t o  the  c o l o r .  

HC1-HN03 complex fram the  i n i t i a l  

Therefore ,  a v a r i a t i o n  o f  the  procedure w a s  a t tempted.  The va r i -  

a t i o n s  are as fol lows:  

Step 1. Wet ash wi th  25 m l .  ho t  concent ra ted  H C 1  i n s t e a d  

of HNO3. 

Digest  in 25 m l .  6 M H C 1  - 6 M HF i n s t e a d  of 6 M HNO3 - Step 5 .  

6 M HNO3 - 6 M HF. 

I n i t i a l  experiments us ing  spiked s o l u t i o n s  showed promise. Re- 

covery of 239Pa w a s  95%' and decontamination f a c t o r s  f o r  Urandum and' 

enr iched  Uranium w e r e  150. 

through t h e  procedure nega t ive  r e s u l t s  aga in  were noted.  

of quenching r e s u l t e d .  Recoveries and decontamination f a c t o r s  were n o t  

ob ta inab le .  I r o n  contamination was one reason a t  least f o r  the  erroneous 

However, when spiked soil samples were run 

High amounts 
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r e s u l t s .  However, s e p a r a t i o n  of Pu and Uranium was n o t  e f f i c i e n t  t o  any 

e x t e n t ,  l e a d i n g  to  t h e  c o n c l u s i o n  t h a t  o t h e r  f a c t o r s  i n  t h e  envi ronmenta l  

samples  may have l e d  t o  incomple te  s e p a r a t i o n .  Various s c a v e n g e r s  were 

t r i e d  b u t  were found not  t o  b e  s u c c e s s f u l .  

A t  t h a t  time i t  w a s  p o s t u l a t e d  t h a t  t h e  i r o n  could  b e  s e p a r a t e d  

e a r l y  i n  t h e  procedure by i o n  exchange. However, t h e  a d d i t i o n a l  time 

and expense involved  would have d e f e a t e d  o u r  purposes .  T h e r e f o r e ,  

s o l v e n t  e x t r a c t i o n  was abandoned i n  f a v o r  of i o n  exchange. 

I n  o r d e r  t o  proceed w i t h  t h e  i o n  exchange procedures ,columns 

and r e s i n s  had t o  b e  ordered .  During t h i s  l u l l  a p r e l i m i n a r y  e x p e r i -  

ment w a s  done, i n  o r d e r  t o  become a q u a i n t e d  w i t h  t e c h n i q u e s ,  u s i n g  

materials and methods a l r e a d y  a v a i l a b l e .  

t i o n  of t h a t  d e s c r i b e d  i n  Lamar Johnson ' s  t h e s i s  . An o u t l i n e  is as 

The method used was a v a r i a -  

4 

f o l l o w s  : 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7. 

8. 

9 .  

10. 

W e t  a s h  sample i n  Pyrex beaker  w i t h  h o t  c o n c e n t r a t e d  HN03 

f o r  3 hours .  

Ash i n  muffle f u r n a c e  a t  45OoC f o r  7 hours .  

Repeat s t e p s  1 and 2 .  

D i g e s t  i n  6 M HN03 - 6 M HF. 

Evapora te  o t  d ryness .  

Repeat s t e p s  4 and 5. 

D i g e s t  i n  8 M HN03 and e v a p o r a t e  t o  d r y n e s s .  

D i s s o l v e  r e s i d u e  i n  7 . 3  M HNO3 and t h e n  b r i n g  t o  b o i l .  

This s o l u t i o n  w a s  passed through a Dowex 1 x 8 r e s i n  column. 

(Dowex 1 x 2 w a s  n o t  a v a i l a b l e .  

E f f l u e n t  was d i s c a r d e d .  

B u r e t t e s  were a l s o  used.)  



11. 

12. 

13. 

14. 

15.  

16. 

17. 

18. 

19. 

20. 

Pu 
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Column was washed with 10 ml. of H C 1 .  (Effluent contained 

Uranium) 

Add Hydroxylamine Hydrochloride crystals to top of resin bed. 

Pass a solution of .5M HC1 saturated with NH41 through column. 

Rinse column with additional portions of . 5  M HC1. 

Combine portions 13 and 14 and wet ash with HN03 to destroy 

chloride and iodide ions. 

Dissolve in 8 ?l H C 1  acid and evaporate to dryness. 

Add 10 ml. of 2 M HN03 - . 2  M Boric acid to residue. 

Transfer to scintillation vial and add 1 drop of 4 M Urea 

and Keough and Power's cocktail. 

Shake to extract Pu. 

Count in liquid scintillation counter for 100 minutes. 

recoveries were from 40 - 60%. Enriched and natural Uranium 

contamination in the Pu effluent varied from 5 %  to 50%.  The use of 

burettes and the Dowex 1 x 8 instead of Dowex 1 x 2 resin were as- 

sumed to be the factors underlying the low recoveries and high variance 

of Uranium contamination. Also, the Uranium might not have been 

thoroughly washed from the resin. 

sizes of burettes was also a factor. 

Variance in flow rates using different 

After further consultation with Rocky Flats personnel the f o l -  

2 lowing experiment was initiated : 

1. 

2. 

Wet ash sample in Pyrex beaker with hot concentrated HNO3. 

Ash in muffle furnace at 45OoC. 

3. Repeat steps 1 and 2.  

4 .  

5 .  Evaporate to dryness. 

Digest in 6 M HN03- 6M HF. 



6 '. 
7. 

8. 

9 .  

10. 

11. 

12.  

_. 
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1 3 .  

1 4 .  

14 

Repeat s t e p s  4 and 5 .  

D i g e s t  i n  8 M HN03 and e v a p o r a t e  t o  d r y n e s s .  

P r e p a r e  b u r e t t e s .  

a)  Dampen small p l e d g e t  o f  g l a s s  wool and tamp f i r m l y  i n t o  

bot tom of column. 

b )  F i l l  column w i t h  r e s i n  s l u r r y .  

c)  Condi t ion  column w i t h  20 m l .  of  7.5 M n i t r i c  a c i d  and 

a l l o w  a c i d  t o  p a s s  comple te ly  through column. 

Repeat w i t h  an a d d i t i o n a l  10 m l .  o f  7 .5  M HN03. 

e f f l u e n t  . 
d )  Discard 

D i s s o l v e  r e s i d u e  from s t e p  7 i n  7.5 M HN03. 

Add sample s o l u t i o n  ( s t e p  9 )  t o  column r e s e r v o i r .  Allow t o  

d r a i n  comple te ly  through column. 

Wash down t h e  w a l l s  o f  t h e  sample b e a k e r  w i t h  10 m l .  of 7.5 M 

mo3. 
Add 5 m l .  of  c o n c e n t r a t e d  h y d r o c h l o r i c  acid t o  t h e  column. 

Allow HC1 t o  d r a i n  comple te ly .  Discard  H C 1  e f f l u e n t .  Proceed 

immediately t o  fo l lowing  s t e p .  

E l u t e  column with 10 m l .  p o r t i o n s  of . 5  M H C 1  and a l l o w  

comple te  d r a i n a g e  i n t o  a 250 ml. beaker .  Save e f f l u e n t .  

Add s u f f i c i e n t  Hydroxylamine Hydrochlor ide  c r y s t a l s  t o  cover  

r e s i n  bed.  P a s s  10 m l .  of  0.5M H C 1  - 10% m41 s o l u t i o n  

through column. 

Repeat w i t h  a d d i t i o n a l  10 m l .  of  0.5M i n  HCI - 10%.NH41. 

15.  Add 25 m l .  o f  c o n c e n t r a t e d  HNO t o  t h e  beaker and e v a p o r a t e  t o  

C o l l e c t  e f f l u e n t  i n  b e a k e r  from s t e p  13. 

3 

d e s t r o y  s o l i d s  and subl ime i o d i n e .  
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16. Add 8 M HN03 t o  r e s i d u e  and e v a p o r a t e  t o  d r y n e s s .  

17. D i s s o l v e  r e s i d u e  i n  2 M HN03- . 2  M B o r i c  a c i d  and t r a n s f e r  

t o  count ing  v i a l .  

Add 1 drop of  4 M Urea and 4 m l .  of Keough and Powers c o c k t a i l .  18. 

19 .  Shake t o  e x t r a c t  Pu. 

20. Count in Liquid S c i n t i l l a t i o n  Counter f o r  100 minutes .  

U n f o r t u n a t e l y ,  w e  d i s c o v e r e d ,  a f t e r  running  t h i s  experiment  t h r e e  

times, t h a t  w e  had been g iven  t h e  wrong procedure .  Pu, n a t u r a l  

Uranium and e n r i c h e d  Uranium, a l l  counted i n  t h e  Pu e f f l u e n t .  T h i s  

w a s  n o t  des igned  t o  s e p a r a t e  Uranium and Plutonium. 

( 2 )  Two procedures  (both  q u i t e  s i m i l a r )  were o b t a i n e d  from Rocky F l a t s  . 
t h e  f i r s t  method was a s  f o l l o w s :  

1. Wet a s h  sample i n  Pyrex b e a k e r  w i t h  h o t  c o n c e n t r a t e d  HN03 f o r  

4 h o u r s .  

Ash i n  m u f f l e  f u r n a c e  a t  45OoC f o r  7 h o u r s .  2 .  

3 .  Repeat s t e p s  1 and 2. 

4. 

5. Evaporate  t o  d r y n e s s .  

6 .  Repeat s t e p s  4 and 5. 

7. Diges t  i n  9 M H C 1  and e v a p o r a t e  t o  dryness. 

8.  P r e p a r e  i o n  exchange column u n t i l  r e s i n  bed h a s  s e t t l e d .  Tamp 

plug  of g l a s s  wool f i r m l y  a t o p  r e s i n  bed t o  p r o t e c t  i t  from 

d i s t u r b a n c e .  

Diges t  i n  6 M HNO3 + 6 M HF. 

9.  Pass two 10 ml. p o r t i o n s  of 9 M HC1 through r e s i n .  

10. D i s s o l v e  r e s i d u e  i n  9 M H C 1  and p a s s  sample through resin bed. 

D i s c a r d  e f f l u e n t .  
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11. Rinse sample beaker  twice w i t h  10 m l .  p o r t i o n s  of  9 M H C 1 .  

Allow each r i n s e  t o  pass comple te ly  through r e s i n  bed.  

1 2 .  P a s s  10 m l .  p o r t i o n s  of 8 M n i t r i c  a c i d  through t h e  column 

u n t i l  ye l low i r o n  c h l o r i d e  is no l o n g e r  v i s i b l e  i n  t h e  e f f l u e n t .  

Add an  a d d i t i o n a l  10 ml. of 8 M n i t r i c  a c i d  t o  t h e  column. 

D i s c a r d  a l l  8 M HN03 washings.  

13. Wash e x c e s s  n i t r i c  a c i d  from t h e  column by p a s s i n g  15 t o  

20 m l .  of  9 M H C 1  through column. 

1 4 .  Add Hydroxylamine Hydrochlor ide c r y s t a l s  t o  t h e  t o p  of r e s i n  

bed .  

s o l u t i o n .  C o l l e c t  e f f l u e n t  i n  150 m l .  b e a k e r .  

Add 10 ml. of c o n c e n t r a t e d  HN03 t o  t h e  e l u e n t  from s t e p  1 4  

and t a k e  t o  d r y n e s s  on a low t o  medium t e m p e r a t u r e  h o t  p l a t e .  

Wet a s h  o r g a n i c  m a t e r i a l  remaining by r e p e a t e d  e v a p o r a t i o n s  w i t h  

Follow by a d d i t i o n  of 25 m l .  of 9 M HC1 - 5% NH41 

15. 

c o n c e n t r a t e d  n i t r i c  a c i d .  

16. 

1 7 .  

Add 10 m l .  8 M HN03 and e v a p o r a t e  t o  d r y n e s s .  

Add LO m l .  2 M HN03 - .2 M b o r i c  a c i d  and t r a n s f e r  t o  c o u n t i n g  

v i a l .  

18. Add 1 drop Urea and 4 ml. Keough and Powers '  c o c k t a i l .  

1 9 .  Shake t o  suspend Pu. 

20. Count i n  l i q u i d  s c i n t i l l a t i o n  

This experiment  r e s u l t e d  i n  v e r y  low r e c o v e r i e s  which were h i g h l y  

Poor s e p a r a t i o n  of Uranium and Plutonium a l s o  i n c o n s i s t a n t  f o r  239Pu. 

r e s u l t e d .  S i n c e  t h e  second procedure w a s  run c o n c u r r e n t l y  w i t h  t h i s  

procedure  and e x c e l l e n t  r e s u l t s  were o b t a i n e d ,  no f u r t h e r  t i m e  h a s  as 

y e t  been s p e n t  i n  o r d e r  t o  answer t h e  q u e s t i o n s  as t o  why t h i s  fa i led .  
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The second procedure  is t h e  Plutonium a n a l y s i s  procedure  mentioned a t  

t h e  beginning  o f  t h i s  s e c t i o n  and is now b e i n g  used t o  a n a l y z e  Rocky 

F l a t s  envi ronmenta l  samples.  

A v a r i a t i o n  of  t h i s  procedure  is  b e i n g  i n v e s t i g a t e d  where a 

s o l v e n t  e x t r a c t i o n  s t e p  (TIOA)  i s  i n s e r t e d  af ter  t h e  i o n  exchange 

s t e p .  This w i l l  e n a b l e ,  h o p e f u l l y ,  h i g h e r  d i s c r i m i n a t i o n  f a c t o r s  f o r  

e n r i c h e d  and n a t u r a l  Uranium when v e r y  l o w  l e v e l  samples  are in- 

volved.  

Most of  t h e  p r e v i o u s l y  mentioned procedures  were found n o t  t o  b e  

compat ib le  when combined w i t h  HF d i g e s t i o n  and l i q u i d  s c i n t i l l a t i o n  

count ing  t e c h n i q u e s .  Because of  l i m i t e d  time and a d e s i r e  t o  o b t a i n  

a workable  procedure  t h a t  was s a t i s f a c t o r y ,  many of t h e  r e a s o n s  as t o  

why t h e  methods f a i l e d  were n o t  i n v e s t i g a t e d .  However, i t  should  b e  

noted  t h a t  most a n a l y t i c a l  p rocedures  f o r  Pu d e t e r m i n a t i o n  a r e  n o t  

a p p l i c a b l e  t o  envi ronmenta l  samples .  Most are des igned  f o r  l a b o r a t o r y  

exper iments  where t h e r e  i s  no i n t e r f e r e n c e  from o t h e r  r a d i o n u c l i d e s .  

Xany of t h e  procedures  f o r  envi ronmenta l  samples are e i t h e r  t i m e  

consuming and expens ive ,  o r  are des igned  f o r  mg. q u a n t i t i e s  of Pu. A 

m u l t i t u d e  of  i n t e r f e r e n c e s  and i n c o n s i s t a n c i e s  seem t o  a p p e a r  when 

lJg. q u a n t i t i e s  are i n v e s t i g a t e d .  In  o r d e r  t o  do a p r o p e r  envi ronmenta l  

sampling program, w i t h  IJ.!~- q u a n t i t i e s  o f  Pu and o t h e r  r a d i o n u c l i d e s  . 

which i n t e r f e r e ,  many samples must b e  taken i n  o r d e r  t o  i n s u r e  good 

s t a t i s t i c a l  r e s u l t s .  A procedure  must b e  r e l a t i v e l y  i n e x p e n s i v e  and 

s imple  enough f o r  any t e c h n i c i a n  t o  f o l l o w ,  u n l e s s  of c o u r s e ,  a l a r g e  

l a b o r a t o r y  is a v a i l a b l e  which h a s  a n  u n l i m i t e d  budget  and many employees. 
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. .  

. .- 

.- 

Much more work needs t o  be  done concerning a n a l y t i c a l  procedures  and 

t h e i r  p r a c t i c a l  a p p l i c a t i o n  t o  long range environmental  sampling. 
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TABLE 1. PLANTS OF THE ROCKY FLATS WATER COURSES 

Period of 
Active Growth Common Name Plant 

Fami1y:Alismaceae 
Sagittaria cuneata Sagittaria July- August 

Fami1y:Asclepiadaceae 
Asclepias speciosa 
Asclepias stenophylla 

Showey Milkweed 
Narrowleafed Milkweed 

July - October 
July - October 

Fami1y:Boraginaceae 
Mertensia lanceolata Chiming Bells bpril-early June 

Fami1y:Cactaceae 
Echinocactus simpsonii Mountain Ball Cactus perennial- blooms 

in April 
perennial- blooms 

in July 
per enn ial-b looms 

in July 

Plain p - c  s Prickley Pear "Opuntia polycantha 
.- 

/" Prickley Pear Cactus Opuntia rafinesquei 

Fami1y:Caprifoliaceae 
Symphoricarpos occidentalis , Snowberry bush Pe renn i al- b 1 ooms 

in late June 

Fami1y:Caryophyllaceae 
late April - 
early June 

Ceras tium arvense Mouse ear 

Fami1y:Chenopodiaceae 
*Chenopodium leptophyllum Goose foot June - late 

April-September 
Hay-S ep t ember 

August 
*Kochia iranica Burning bush 
*Salsola kali Russian Thistle (Tumbleweed) 

Fami1y:Commelinaceae 
Tradescantia occidentalis S p id erwo rt April- June 

Fami1y:Compositeae 
Achillea lanceolata Yarrow 

*Ambrosia spp. Ragweed 
Artemesia frigida Fringe Sage 
Cirsium arvense Canadian Thistle 
Erigeron speciousus Fleabane 
*Gaillardia aristata Blanket Flower 

Late June-Sept. 

June-Augus t 
July-Oc tober 
May- Sep t emb er 
May-June 
late June - 
August 

late July - 
October 

Augus t -0c t ob et 

.- Grindelia sauarrosa Gum weed 

Gutierrezia sarothrae Turpentine weed 
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TABLE 1. (Continued) 

Period of 
Active Growth Plant Common Name 

Sunflower 
Wild Lettuce 

Cone flower 
Dotted Gay feather 

Butter weed 

July-Oc tober 
June - S e p t emb er 
Augus t-October 
August-September 
September - 

October 
Ap r i 1- Sep t ember 
late Narch - 
early November 
April - June 
late July - 
October 

Helianthus annuus 
*Lactuca scariola 
Liatris punctata 
Ratibida columnifera 
Senecio atratus 

Wire Lettuce 
Dandelion 

*Stephanomeria pauciflora 
Taraxacum officinale 

Goats beard 
Cockleburr 

Tragopogon dubius 
Xanthium strumarium 

Fami1y:Convulvulaceae 
Convulvulus arvens is Bindweed Hay-July 

Fami1y:Crucifereae 
Descurainia Sophia 

Erysimum asperum 

late Lurch - 
early November 
late &rch - 
July 
June-September 
June-Sept ember 
March-July 

Tansey Mustard 

Wallflower 

Pepper grass 
Cress 

Pennycress 

Lepidium campestre 
Rorippa island ica 
Thlaspi alprestre 

Family : Cyperaceae 
Carex filifolia 
Cyperus filiculmis 
Scirpus microcarpus 

May -Se p t emb er 
June-Sep tember 
July-AuguSt 

Sedge 
Flatsedge 
Bulrush 

Fami1y:Euphorbiaceae 
Euphorbia dictyosperma 
Euphorbia marginata 

July-September 
July-September 

Spruge 
Snow-on-the-mountain 

F amily : Geraniaceae 
Erodium cicutarium late March- 

September 
May-Sep tember 

Her.on bill 

Cranes bill Geranium fremontii 

Fami1y:Gramineae 
Agropyron smithii 
Andropogon gerardii 

Western wheatgrass 

Sleepy grass 
Green bristle grass 

Squirrel tail 
Needle and thread- 

New Mexico feather grass 

B i g b lues t em 
June-September 
June-October 
April-Oc tober 
April-Oc tober 
May-Augus t 
Hay-JUly 
May- July 

Bromus inermis 
Setaria viridis 
Sitanion hystrix 

Stipa neomexicana 
- Stipa comata 
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TABLE 1. (Continued) 

Period of 
Aci tve Growth Plant Common Name 

Fami1y:Hypericaceae 
Hypericum perforatum St. Johnswort, 

Klamath weed 
June-early 
October 

Fami1y:Iridaceae 
Sisyrinchium montanum Blue-eyed grass Nay- July 

Fami1y:Juncaceae 
Juncus balitcus Rush Ap r il -0c t ob er 

Family : Lab i t ae 
Hint June-early 

October 
July-Augus t 

late April-June 

Mentha arvensis 

Monarda fistulosa menthaefolia Bee balm 
Scutellaria brittonii Skull cap 

Fami1y:Leguminoseae 
Amorpha nana False indigo bush - Apr i 1-0 c t ob e r 

blooms in June 
Ap r i 1 - Ju ly 
June-Sep t ember 
?fay- July 
May-August 
April-August 
June-August 
July-Augus t 

May-early July 

Astragalus SEE. Yilk vetch 
Glycyrrhiza lepidota Wild licorice 

~ Peavine 
~ White sweet clover 

Melilotus officinalis Yellow sweet clover 
- 

Lathyrus eucosmus 
Melilotus alba 

Loco-weed 
Prarie clover 
Golden b anner 

Oxytropis x. 
Petalostemum purpurea 
Thermopsis divaricarpa 

Fami1y:Linaceae 
Linum iewisii Flax May- June 

Fami1y:Malvaceae 
Sphaeralcea coccinea Globe mallow June-July 

Fami1y:Naj adaceae 
Potamogeton natans Pondweed June -S e p t emb er 

Fami1y:Onagraceae 
Butterfly weed 
Evening primrose 

May-September 
May- July 

Gaura coccinea 
Oenothera brachycarpa 

Fami1y:Papaveraceae 
Argemone polyanthemos 

Fami1y:Polygonaceae 
Rumex crispus 

Prickley poppy May- July 

Dock April-October 

Fami1y:Ranunculaceae 
Ranunculus aquatilis Water crowfoot May- July 



Plant 

Ranunculus glaberrimus 

Family: Rosaceae 
Prunus virginiana 
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TABLE 1. (Continued) 

Rosa woodsii - 
Fami1y:Scrophulariaceae 
Linaria dalmatica 
Mimulus floribundus 
Penstemon angustifolius 
Scrophularia lanceolata 
Verbascum thapsus 
Veronica americana 

Fami1y:Solanaceae 
Solanum elaeagnifolium 
Solanum rostratum 

Family : Typhaceae 
Typha latifolia 

Fami1y:Violaceae 
Viola nuttallii 

Common Name 

Buttercup 

Choke cherry 

Woods rose (bush) 

Toadflax 
Monkey flower 
Pens t emon 

Figwort 
Mullein 
Speedwell 

Silverleaf nightshade 
Buffalo burr 

Cattail 

Wild violet 

April-July 

Ap r il- S ep t emb er- 
blooms in May 
Ap r i 1-S ep t emb e r . 

Ap ril-0c t ober 
June-August 
May- July 
May-July 
bpril-October 
Hay-0c tober 

May-Oc t ober 
June-August 

April-October- 
blooms in July 

April- June 
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TABLE 2 .  ANIMALS OF THE ROCKY FLATS WATER COURSES 

Class - Amphibia 
Rana p i p i e n s  Leopard Frog - 

Class - Aves 
Agelaius phoeniceus Red-winged Blackbird 
- Anas platyrhynchos Mallard 
Charadrius  voc i f e rus  K i l l d e e r  
S t u r n e l l a  magna Meadow l a r k  
Zenaidura macroura Dove 

Class - Mammalia 

Order - Art iodac ty l a  
Family : Cervidae 

Odocoileus hemionus 

Order - Carnivora 
Family: Canidae 

Canis l a t r a n s  

Fami1y:Nustelidae 
Mephit is  mephi t i s  
Taxidea taxus  

Fami1y:Procyonidae 
Procyon l o t o r  

Mule dee r  

Coy0 t e 

S t r iped  Skunk 
American Badger 

Raccoon 

Order - Lagomorpha 
Fami1y:Leporidae 

Sy lv i l agus  auduboni i  b a i l e y a  C o t t o n t a i l  Rabbit  

Order - Rodentia 
Fami1y:Cricetinae 

Xicro tus  pennsylvanicus modestus Meadow Mouse ( p r a r i e  vo le )  
Ondat ia  z ibe th i cus  cinnamomina Muskrat 
Peromyscus maniculatus  osgoodi White-footed Deer Mouse 
Peromyscus nasus tus  Long-nosed Deer Mouse 

Thomomys t a l p o i d e s  Northern pocket gopher 

Spermophilus t r i d e c e d i n e a t u s  

Family : Geomid ae 

Fami1y:Sciuridae 
13 Lined Ground S q u i r r e l  

Class - R e p t i l i a  
Order - Chelonia 

Chr y s emyap b e 11 i i Pain ted  Box T u r t l e  

Order - Squamata 
Cro ta lus  v i r i d i s  v i r i d i s  P r a i r i e  R a t t l e  Snake 
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TABLE 2 .  (Continued) 

P i t u o p h i s  c a t e n i f e r  sayi B u l l  Snake (gopher snake)  
Thamnophis r a d i x  Plains Garter Snake 
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TABLE 3. Aquatic life of the Rocky Flats Water Courses 

Cladocera 
Daphnia pulex 

Copepoda 
Diaptomus 

Malacos traca 
Gammarus 

Aquatic Insects 
Plecoptera (Stone f lies) 
Ephemeroptera (kkyflies) 
Odonata (Damsel 6 Dragon Flies) 
Diptera (Flies) 
Coleoptera (Beetles) 
Trichoptera (Caddisflies) 

Decapoda 
Crayfish Cambarus 

I -  

l -  



TABLE 4 Algae Found i n  t h e  Rocky F l a t s  Water Courses  

CYANOPHYTA 
Blue-Green 

CHLOROPHYTA 
Green 

~~~ 

CR RY S 0 P HYT A 

Gleo t r i c h i a  Hyd r o d i c  t yon 

Gleoc a p s  a Chlorococcum 

O s c i l l a t o r i a  l imnosa  (Roth) C h l o r e l l a  

Yos toc  pruni5orme Oedogonium 

Anabaena Cladophora  

S c y  t o nema 

S t igonema 

Zygnema 

U l o t h r i x  z o n a t a  

Tolypo t h r i x  Chae t ophora  

AD h an  i z onema P e d i a s  trum 

Amp h i t h r i n  S t  i geoc lon ium 

Calo  t h r i x  S p i r o g y r a  crassi  

S p i ro  gy r a 

Euglenoids  

Scenedesmis 

Dinobryon 

Cvmbella 

i-Iylo t h e c a  

N a v i c u l a  

Desmids 

Clos  t e rium 

Euglenophyta  

Euelena  

21ougeo t i a  
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B. L i n n o l o g l c a l  Data from t h e  Rocky F l a t s  Water Courses 

Because of t h i c k  i c e  o v e r  t h e  ponds ,  m a l f u n c t i o n s  i ,n  o u r  h y d r o l a b  

equipment  and t h e  c o n s t r u c t i o n ,  we have  l i m n o l o g i c a l  d a t a  f o r  o n l y  

t h r e e  months .  

y e a r .  

We hope  t o h a v e  a more t ho rough  s a m p l i n g -  program n e x t  



TABLE 5.  Limnological Data From the  Rocky F l a t s  Mater Courses 
Pond 1 

Date Depth Water Temperature Dissolved O2 Conductivity pH A i r  Temp. 
C 
0 

OC (PPm) (mho / cm) 

A p r i l  4 ,  
1.9 72 

May 10, 
1972 

June  30,  
1972 

S u r f  ace 
0 .5  Meters 
1 . 0  M 
1 .5  ?t 
2.0 Ft 
2 .5 ?l 

Surface 
0.5 Pi 
1 . 0  ?l 
1 .5  Pi 
2.0 M 
2.5 Ff 

Surface 
0.5 M 
1 . 0  M 
1 .5  M 
2 . O ' M  
2.5 M 

10 
10 
10 
10 

9 
9 

1 2  
1 2  
1 2  
11.5 
11 
10 

22 
22 
22 
21.5 
20 
20 

10.8 
10.8 
11.0 
11.0 
11.3 
1 1 . 4  

7.80 
7.90 
7.85 
7.75 
7.70 
7.65 

8.9 
8.7 
8.6 
8 . 6  
5.9 
5.6 

0.150 7.3 15 
0.150 
0.160 
0.150 
0.160 
0.160 

0.110 
0.110 
0.115 
0.120 
0.120 
0.110 

0.190 
0.200 
0.200 
0.200 
0.200 
0.210 

7 . 1  10 

7 . 7  2 7  



~~ 
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TABLE 5. Limnological Data (Continued) 
Pond 2 

Date Depth Water Temperature Dissolved 0 2  Conductivity pH A i r  Temp. 
OC (PPm) (who/cm) OC 

April 4 ,  Surface 
1 9  72  0 .5  M 

1.0 M 
1 . 5  11.5 6.2 0.200 

1 3  
12.5 
11.5 

8.15 
7.6 
6 . 0  

0.205 7 . 3  15 
0.205 
0.190 

May 10, Surf ace 
19 72 0.5 M 

1.0 M 

June 30, Surface 
1972 0.5 M 

1.0 M 

15 
15 
15 

23 
2 1  
20.5 

6.25 
6.40 
5.30  

5.3 
5.0 
4 . 8  

0.260 
0.260 
0.280 

0 . 3 4  
0 . 3 4 0  
0.330 

7.7 9 

7.6 



TABLE 5 .  L i m n o l o g i c a l  Data ( C o n t i n u e d )  
Pond 3 

Date  Depth  Water Tempera tu re  D i s s o l v e d  07 Conduct  i v i  t v  vH A i r  TemD. 

A p r i l  4 ,  S u r f a c e  
1972 0.5 M 

' 1 . 5  M 
1.0 

Play 10, S u r f  ace 
1972 0.5 M 

1.0 11 
1.5 M 

J u n e  30, S u r f a c e  
19 72 0.5 M 

1.0 M 
1.5 M 

11 
11 
10 
10 

14 
1 4  
15 
13 

23.5 
23 
22.5 
21.5 

9.5 
8.5 
8.7 
8.6 

89.5 
8.20 
8.10 
8 .OO 

9.0 
8.8 
8.8 
8.9 

0.200 8.3 13 
0.205 
0.210 
0.210 

0.200 
0.210 
0.210 
0.220 

0.380 
0.380 
0.380 
0.390 

8.0 

7.9 

11.5 

W 
0 

27.5 



TABLE 5. L i m n o l o g i c a l  Data  (Con t inued)  
Pond 4 

- 
Depth  Water  Tempera tu re  D i s s o l v e d  02 C o n d u c t i v i t y  pH A - i r  Temp. 

C (PPm) (wJ-m/cm C 
0 0 

Date 

A p r i l  4, S u r f a c e  
19 72 0.5 M 

1.0 M 
1.5 M 
2.0 M 

May 10, S u r f  a c e  
1972 0.5 M 

1.0 M 
1.5 M 
2.0 M 

J u n e  30, S u r f  ace 
1972 0.5 M 

1.0 M 
1.5 M 
2.0 M 

11 
10 
10 
10 
10 

13 
1 3  
13.5 
1 4  
1 4  

24 
24 
22.5 
22.5 
22 

8.9 
8.0 
7.8 
8.2 
8.3 

8.5 
8.8 
8.8 
8.8 
7.6 

1.59 
8.7 
7.8 
6.7 
5 .O 

0.200 7 . 4  12.5 
0.200 
0.200 
0.210 
0.220 

0.240 
0.235 
0.235 
0.235 
0.230 

0.200 
0.190 
0.190 
0.190 
0.200 

7.0 

.. . 

6.8 

1 2  

r 

26 



... 

TABLE 5 .  L imno log ica l  Data (Con t inued j  
Pond 5 

pH Air Temp. 
C 

0 Date Depth Water Temperature Di s so lved  O 2  C o n d u c t i v i t y  
( P P d  ( mho / crn 1 

A p r i l  4 ,  
19 72 

May 10,  
1972 

June 30,  
1972 

Surf  a c e  
0.5 M 
1 . 0  M 
1 . 5  M 
2.0 M 

Sur  f a c e  
0 .5  M 
1 .0  I1 
1 .5  M 
2.0 M 
2 .5  M 

S u r f a c e  
0.5 M 
1 .0  M 
1 .5  M 
2.0 M 

10 
10 
10 
10 
10 

1 4  
1 4  
1 4  
1 4  
1 4  
1 2  

23 
23 
23 
22.5 
22 

11.3 
10 
1 0 . 5  
1 0 . 5  
--- 

1 1 . 2  
1 1 . 2  
11.6 
1 1 . 4  
1 1 . 4  

4 . 4  

14.3 
13.0 
9.7 
8.8 
7.6 

0.08 
0.085 
0.10 
0.10 
0.10 

0.100 
0.120 
0.135 
0.140 
0.150 
0.150 

0.110 
0.110 
0.120 
0.140 
0.140 

8.2 

8 .5  

8.0 

14 

10 

26 

S I  
L I 



TABLE 5. Limnological Data (Continued) 
Pond 6 

Date Depth Water Temperature Dissolved O2 Conductivity pH A i r  Temp. 
C 
0 

C ( P P d  (umho/cm) 
0 

A p r i l  4 ,  S u r  face  
1972 0 .5  M 

1 .0  M 

May 10, Surf ace  
1972 0.5 M 

1 . 0  M 
1.5 M 

June 29, Sur face  
1972 0.5 14 

1.0 M 
1 .5  11 

9 
9 
9 

12.5 
12.5 
12.5 
12.5 

20 
17.5 
16 
16 

12.8 
12.6 
13.0 

10.8 
10.8 
10.9 
10.9 

9 
8 
8.5 
8 

0.17 6.7 16.5 
0.17 
0.17 

0.190 
0.190 
0.190 
0.190 

0.090 
0.090 
0.090 

6.9 1 2  

7.3 27  

w 
w 
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C .  Model of Rocky F l a t s  Aquat ic  System 

Figure  2 . r e p r e s e n t s  t h e  probable  i n t e r r e l a t i o n s  between i n o r g a n i c  

s u b s t a n c e s ,  p l a n t s  and animals  i n  t h e  Rocky F l a t s  e n v i r o n s .  Arrows 

i n d i c a t e  the  p a t h  of m a t e r i a l s  from t h e  pr imary ( i n o r g a n i c )  s o u r c e s  

through v a r i o u s  organisms and back t o  t h e  s o i l ,  w a t e r ,  o r  a i r .  

one c i r c u i t  i s  a food c h a i n .  All food c h a i n s  i n  a community con i t-  

tute a food web. Food webs a r e  v e r y  complex, bu t  may b e  i l l u s t r a t e d  

Any 

9 
by two s i m p l i f i e d  examples: 

1 )  Aquat ic  

Bacteria and Diatorns--)Small P r o t o z o a n s - b L a r g e r  Protozoans-' 

R o t i f e r s  and S m a l l  Crus taceans  - + A q u a t i c  I n s e c t s  --* 

F i s h e s  --&Large Carn ivores  and Man. 

2) Land 

P l a n t s  . -V I n s e c t s ,  Rodents and -Graz ing  Mammals---+ 

Predac ious  I n s e c t s  and S m a l l  Carn ivores  ----+Large 

Carn ivores  and Man. 

Each food web a t  any i n t e r m e d i a t e  o r  f i n a l  s t e p ,  ends i n  d e a t h  

and decay,  becoming food f o r  b a c t e r i a  t h u s  complet ing t h e  c i r c u i t .  

The food i n  any community i s  c h a r a c t e r i z e d  by a pyramid of  numbers. 

Organisms a t  t h e  bottom are small and abundant ,  whereas t h o s e  a t  t h e  

t o p  are few but l a r g e .  The food web i s  h i g h l y  a f f e c t e d  by external 

s t i m u l i .  T h i s  can be r e a d i l y  observed i n  t h e  Rocky F l a t s  e n v i r o n s .  

The biomass ( t o t a l  amount of  l i v i n g  material i n  a g i v e n  area o r  

t h e  t o t a l  of a l l  members of a s p e c i e s  i n  an a r e a )  a t  Rocky F l a t s  i s  i n  

c o n s t a n t  t u r m o i l .  The i n t r o d u c t i o n  of i n o r g a n i c  and o r g a n i c  wastes, 
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c o n s t r u c t i o n ,  and h igh  winds have r e s u l t e d  i n  s t r i k i n g  e f f e c t s .  The 

most obvious  e f f e c t s  r e s u l t i n g  from t h e  remodeling o f  t h e  h o l d i n g  

ponds are d i s c u s s e d  elsewhere i n  t h i s  r e p o r t .  The food webs of  t h e  

seven  ponds c u r r e n t l y  under s t u d y  vary  w i t h  l o c a t i o n  and t h e  above 

mentioned e f f e c t s .  N u t r i e n t s ,  l i g h t ,  t e m p e r a t u r e ,  oxygen, s i l t a t i o n  

and wastes are  t h e  primary c o n t r i b u t o r s  t o  t h i s  v a r i a t i o n .  

Pond 7 r e p r s s e n t s  t h e  i d e a l  s i t u a t i o n .  N u t r i e n t s  a r e  r e a d i l y  

a v a i l a b l e ,  oxygen is  h i g h ,  s i l t a t i o n  i s  a t  a minimum, and wastes from 

Rocky F l a t s  a re  not p r e s e n t .  L ight  e a s i l y  p e n e t r a t e s  t o  t h e  bottom 

r e s u l t i n g  i n  an abundance of h i g h e r  p l a n t  l i f e .  F i s h ,  t u r t l e s ,  f r o g s ,  

phytoplankton ,  zooplankton and a q u a t i c  i n s e c t s  are p l e n t i f u l .  Every- 

t h i n g  e x i s t s  a s  p a r t  of a w e l l  b a l a n c e d ,  h e a l t h y  system. 

Ponds 1 and 6 e x h i b i t  a s i m i l a r  t y p e  of b a l a n c e ,  though less 

developed.  There are fewer species and numbers of h i g h e r  a q u a t i c  

p l a n t s ,  fewer  bottom organisms,  and smaller f i s h .  All of  t h e s e  are 

probably r e l a t e d  t o  s i l t a t i o n  and n u t r i e n t  a v a i l a b i l i t y .  

Ponds 2-5 show a marked d e c r e a s e  i n  biomass due t o  h i g h  s i l t a t i o n ,  

i n t r o d u c t i o n  o f  t r e a t e d  sewage, i n c r e a s e d  tempera tures  and l i t t l e  l i g h t  

p e n e t r a t i o n  r e s u l t i n g  i n  o d i f e r o u s  muck r i c h  i n  hydrogen s u l f i d e  and 

methane due t o  l a r g e r  amounts of  o r g a n i c  material r e a c h i n g  t h e  bot tom 

t h a n  can p o s s i b l y  b e  u t i l i z e d  by bottom fauna.  I n  f a c t ,  l i t t l e ,  i f  any 

bot tom fauna  are found i n  t h e s e  ponds, which is  mute t e s t i m o n y  t h a t  

h i g h l y  t o x i c  s u b s t a n c e s  d e t r i m e n t a l  t o  a q u a t i c  l i f e  are p r e s e n t .  The 

c h a r a c t e r i s t i c  brown c o l o r  of t h e  ponds is s t i l l  f u r t h e r  ev idence .  

Zooplankton p o p u l a t i o n s  a r e  ex t remely  low,  and t h e  phytoplankton  t h a t  

does  exis t  i s  c h a r a c t e r i s t i c  of p o l l u t e d  waters. 

. .  . .  
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Although t h i s  may be. one f a c t o r ,  many o t h e r  f a c t o r s  are invo lved  

and s i m p l e  a e r a t i o n  w i l l  n o t  s o l v e  t h e  problem. 

Aera t ion  o f  t h e  ponds w i l l  l e a d  t o  a n  i n c r e a s e  i n  suspended p a r t i -  

c u l a t e s  r e s u l t i n g  i n  a d e t r i m e n t a l  e f f e c t  upon f i s h  and w i l l  a l s o  p r e v e n t  

new p a r t i c l e s  from s e t t l i n g  o u t .  u l d  e a s i l y  l e a d  t o  a h i g h e r  

o u t p u t  o f  plutonium from t h e  ponds.  

I n  o r d e r  f o r  f i s h  t o  s u r v i v e  i n  t h e  h o l d i n g  ponds,  t h e n n o p o l l u t i o n ,  

s i l t a t i o n ,  i n d u s t r i a l  wastes, and n u t r i e n t  releases would have t o  b e  

bet ter  c o n t r o l l e d .  Th i s  would h e l p  a l l e v i a t e  t h e  d e t r i m e n t a l  e f f e c t s  

upon f i s h  and lower organisms l e a d i n g  t o  a n o m a 1  h e a l t h y  food c h a i n .  

Re fe rences  

1. 

2 .  S t o r e r ,  T . I .  and K.L. U s i n g e r ,  Cene ra l  Zoology, 4th E d i t i o n .  

Smit , L .  ; Ecology and F i e l d  B io iogy ,  Harper an( Row, 1966. 

PfcGraw-Hill Book Co . , 1965. 
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Plant Feeders 
(Herbivores) 
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(Ca rn i v o  res) 

. .  

W 
4 

Figure 2. Model of Rocky F la t s  Aquatic System. 
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D .  D e s c r i p t i o n  of  E f f e c t s  of  Pond R e c o n s t r u c t i o n  A c t i v i t y  

Because of  t h e  c o n t r u c t i o n  around t h e  ponds, w e  have n o t  been  .. 

a b l e  t o  c o n t i n u e  our  p l a n t  and an imal  i n v e n t o r y  t o  any g r e a t  e x t e n t .  

However, w e  have added a f e w  more genera  t o  t h e  l i s t s .  These p l a n t s  

are e i t h e r  e a r l y  s p r i n g  bloomers o r  l a t e  summer bloomers  t h a t  w e  had 

not  i d e n t i f i e d  by r e p o r t  t i m e  l a s t  y e a r .  Any new p l a n t  e n t r i e s  n e x t  

y e a r  w i l l  b e  meaningless  i n  terms of  t h e  p l a n t  commumities of  t h e  s i t e s  

when t h e  p r o j e c t  began. This  is because t h e  p r o c e s s  of s u c c e s s i o n  h a s  

been set back by t h e  c o n s t r u c t i o n  and t h e  a r e a  w i l l  a g a i n  h a v e . t o  p a s s  

through t h e  p r e l i m i n a r y  s u c c e s s i o n a l  s t a g e s  t o  e v e n t u a l l y  approach an  

ecosystem comparable t o  t h a t  of  a y e a r  ago. 

This  s p r i n g  b e f o r e  c o n s t r u c t i o n  began, t h e  p r o g r e s s i o n  of  p l a n t  

s u c c e s s i o n  w a s  a p p a r e n t ,  The frequency of 'weedy a n n u a l s  had decreased  

w h i l e  n a t i v e  b i a n n u a l s  and p e r e n n i a l s  ( g r a s s e s  most ly)  i n c r e a s e d .  

This  w a s  a small  s t e p  toward t h e  c l imat ic  g r a s s l a n d  ecosystem o f  t h e  

area. 

The e x t e n s i v e  d e v a s t a t i o n  of t h e  landscape  due  t o  t h e  c o n s t r u c t i o n  

work h a s  caused s e v e r e  d i s r u p t i o n  o f  t h e  s o i l  i n t e g r i t y .  The t o p s o i l  

h a s  been s c r a p e d  away l e a v i n g  immature undeveloped s o i l s ,  d e f i c i e n t  

i n  o r g a n i c  matter, one of  t h e  most impor tan t  c o n s t i t u e n t s  o f  any s o i l .  

Bes ides  keeping  t h e  s o i l  l o o s e  and f r i a b l e ,  i t  g r e a t l y  i n c r e a s e s  t h e  

water h o l d i n g  c a p a c i t y .  Organic  matter is  t h e  s o u r c e  o f  t h r e e  e s sen t i a l '  

elements; n i t r o g e n ,  phosphorus and s u l f y r .  It a l s o  c h e l a t e s  i r o n ,  z inc ,  

and copper  i n  s o l u b l e  forms, making them a v a i l a b l e  for p l a n t  u t i l i z a -  

t i o n .  Without s u f f i c i e n t - o r g a n i c  matter i n  t h e  soil, p l a n t s  w i l l  show 

a wide range of d e f i c i e n c y  symptoms which w i l l  p e r s i s t  u n t i l  t h e  

n u t r i e n t  b a l a n c e  has  once a g a i n  been e s t a b l i s h e d .  



,. .' 

39 

-.. 

Next s p r i n g  t h e  c o n s t r u c t i o n  s c a r s  w i l l  b e  p a r t i a l l y  obscured 

b y  t h e  i n v a s i o n  of weedy species t h a t  can  t o l e r a t e  t h e s e  low n u t r i e n t  

l e v e l s ,  e s p e c i a l l y  low n i t r o g e n  l e v e l s .  

a r e  a good example of these .  Among t h e  f i r s t  species t o  emerge w i l l  b e  

t h o s e  w i t h  h i g h l y  developed wind d i s p e r s a l  mechanisms such a s  Tra'go- 

pogon, Taraxacum , Typha, Cersium, A r i s t i d a ,  and A s c l e p i a s .  Then w i l l  

come t h e  g r a d u a l  i n t r u s i o n  of and dominat ion by t h e  g r a s s e s  of t h e  

sur rounding  undis t rubed  areas. 

t h e  ponds should approach what i t  was a y e a r  ago,  b u t  w i l l  never  a g a i n  

a t t a i n  t h e  e x a c t  same community composi t ion .  

Most of t h e  leguminous p l a n t s  

Within a decade t h e  v e g e t a t i o n  around 

Before w e  can cont inue  t h e  e x t e n s i v e  sampling w e  have done i n  t h e  

p a s t  i t  w i l l  b e  necessary  t o  resurvey  a l l  of t h e  ponds. We w i l l  re- 

de termine  sediment  volume a s  w e l l  a s  water volume. The s u r f a c e  areas 

and t h e  p e r i m e t e r s  of t h e  ponds have been  changed by t h e  c o n s t r u c t i o n  

work, as have t h e  flow p a t t e r n s  of t h e  water. It  w i l l  t a k e  a few 
I '  

m0nth.s f o r  t h e  sediment accumulat ions t o  e q u i l i b r a t e  w i t h  t h e  new f low 

p a t t e r n s  of  t h e  water. This  i s  t h e  o n l y  major long-term e f f e c t  o f  t h e  

c o n s t r u c t i o n  on t h e  ponds themselves .  Because of  t h e  undeveloped 

s t a t e s  o f  t h e  ponds and because t h e i r  bot toms were n o t  dredged ,  they 

s h o u l d  r e c o v e r  from t h i s  c o n s t r u c t i o n  w i t h i n  a y e a r  o r  so. 
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E.  pluto.nium C o n c e n t r a t i o n s  i n  Components 0.f t h e  A q u a t i c  System 

A g r e a t  percentage  o f  e f f o r t  d u r i n g  t h e  second y e a r  w a s  devoted  
t 

t o  improving a n a l y t i c a l  t e c h n i q u e s  and q u a n t i f y i n g  r e s u l t s  of envi ron-  

mental  sampling w i t h  l a b o r a t o r y  e x p e r i m e n t a t i o n .  T h e r e f o r e ,  o n l y  a 

r e l a t i v e l y  few new envi ronmenta l  samples have been f u l l y  ana lyzed .  

Approximately 800 new samples and approximate ly  700 samples  undergoing 

r e a n a l y s i s  w i t h  new t e c h n i q u e s  are  now a t  v a r i o u s  s t e p s  of  comple t ion .  

A f e w  o f  t h e  i n i t i a l  reana lyzed  sample r e s u l t s  are  shown i n  Table  6 .  

These' i n i t i a l  r e s u l t s  show t h a t  p r e v i o u s l y  ana lyzed  samples  a r e  n o t  i n  

s e r i o u s  e r r o r .  F u r t h e r  a n a l y s i s  of  a l l  reana lyzed  samples w i l l  hope- 

f u l l y  conf i rm t h e s e  i n i t i a l  f i n d i n g s .  The f a c t  t h a t  Uranium quenches 

a t  a much h i g h e r  d e g r e e  t h a n  Plutonium may b e  t h e  r e a s o n  f o r  t h e  l a c k  

of  a l a r g e  e r r o r  i n  t h e  samples ana lyzed  t h e  f i r s t  y e a r .  
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TABLE 6. Reanalysis of Previous Samples 

Sample f Type Sample 1971 pCi/gm 1972 pCi/gm % 

14 - 3 sediment 88.8 71.7 80.7 

76 14 - 18 sediment 61.2 34.5 56.4 

83 13 - 7 sediment 92.6 85.7 92.5 

61 

86 13 - 10 sediment 105 91.1 86.7 

91 13 - 15 sediment 426 386 86.5 

115 12 - 1 sediment 178 171 96 

129 12 -' 9 sediment 502 475 94.6 

134 12 - 14 sediment 232 166 71.6 

2 39 22 - 1 water 21.9 19.8pCill 90.5 

272 24 - 10 water 4.4 3.16pCi/l 7 1.9 

464 33 plant 49.1 48.3 98.5 

539 46 animal 16.0 17.0 10 6 

- x = 85.99 % 
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F. Summary o f  P .esu l t s  of  O the r  I n v e s t i g a t i o n s  

It is  v a l u a b l e  t o  compare t h e  r e s u l t s  o f  o t h e r  i n v e s t i g a t i o n s  o f  

Pu con tamina t ion  i n  ou r  s t u d y  area. 

1 The Colorado Department of  H e a l t h  measures Pu c o n c e n t r a t i o n  i n  

Walnut Creek a t  I n d i a n a  monthly.  They r e p o r t e d  a n  a v e r a g e  monthly 

v a l u e  of  2.85 p C i / l i t e r  f o r  1971. 

0 .88  p C i / l i t e r .  

r e p o r t e d  by Dow Rocky F l a t s  f o r  1969. Comparing gross a l p h a  a c t i v i t y  

f o r  t h e  same p e r i o d s  a t  t h e  same s i t e ,  t h e  Department o f  H e a l t h  re- 

p o r t e d  an a v e r a g e  v a l u e  o f  1 7  p C i / l i t e r ,  wh i l e  Dow r e p o r t e d  2.2.  I t  

a p p e a r s  t h a t  t h e  d i s c r e p a n c y  i s  due t o  t h e  method o f  a n a l y s i s .  The 

Hea l th  Department does  n o t  f i l t e r  t h e  water b e f o r e  a n a l y s i s  and as a 

r e s u l t  i t  must c o n t a i n  a p p r e c i a b l e  s e s t o n  , i . e .  p l a n t  and animal  l i f e  

which p o s s e s s  h igh  c o n c e n t r a t i o n  f a c t o r s  f o r  Pu and U. P o e t  and 

Martell r e p o r t e d  v a l u e s  of 0.2 and 0.82 p C i / l i t e r  f o r  two samples i n  

t h e  summers o f  1969 and 1970,  r e s p e c t i v e l y .  They d i d  n o t  g i v e  t h e i r  

sample h a n d l i n g  p rocedure .  

f o r  water a t  t h e  same s i t e  i n  Februa ry ,  1970. 

s e r v e d  0.85 p C i / l i t e r  f o r  a 5 l i t e r  sample from t h e  same s i t e ,  however, 

t h i s  w a s  f o r  an u n f i l t e r e d  water sample.  

For  1970 t h e i r  a v e r a g e  v a l u e  w a s  

T h i s  can be  compared t o  a v a l u e  of  0 . 1 3  p C i / l i t e r  

3 

The EPA r e p o r t e d  a v a l u e  o f  0.05 p C i / l i t e r  

I n  J u n e  o f  1971,  w e  ob- 

Sediment sample d a t a  may a l s o  b e  compared. P o e t  and Martell re- 

p o r t  a n  a v e r a g e  v a l u e  of 4.5 pCi /g  f o r  t h e  pond a t  Walnut Creek i n  

I n d i a n a  i n  1969. 

- 
Our v a l u e s  ave raged  1.3 pCi/gram f o r  1971.  

7 
For Great Western R e s e r v o i r ,  P o e t  and Martell found 0.065 and 

I 

0 . 2 1  pCi/gram f o r  two samples i n  1969.and 1970. 

ave rage  v a l u e  of 0.45 f o r  9 samples  i n  1969. The EPA r e p o r t e d  an 

ave rage  v a l u e  of 0.11 pCi/gram. 

Dow r e p o r t e d  an 

Our v a l u e s  f o r  June o f  1 9 7 1  were less 
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than  0.05 pCi/gram. 

compare w i t h  o u r s .  

T h e r e p d i o  v e g e t a t i o n  o r  an imal  d a t a  t o  d i r e c t l y  .- 
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I V .  Laboratory Experiments on Plutonium Uptake 

1. M i c r o b i a l  Uptake of Plutonium 

The p o s s i b i l i t y  t h a t  bac te r ia  i n  t h e  a q u a t i c  sys tem might t a k e  up 

Pu w a s  recognized  e a r l y .  Workers have shown t h a t  b a c t e r i a  t a k e  up and 

immobilize a p p r e c i a b l e  l e a d  i n  t h e  c e l l  w a l l  and membrane f r a c t i o n .  1 

To i n v e s t i g a t e  i f  t h i s  occur red  f o r  Pu w e  performed t h e  fo l lowing  ex- 

per iments :  

1. Yicrococcus l u t e u s  and Pseudomonas a e r u g i n o s a ,  two common 

b a c t e r i a ,  were grown i n  a s o l u t i o n  of 239Pu(N03)4 and n u t r i e n t  media. 

The p r e p a r a t i o n s  were incubated  a t  25OC w i t h  a g i t a t i o n  i n  a r o t a r y  

s h a k e r ,  The c e l l s  were h a r v e s t e d  by c e n t r i f u g a t i o n  and washed s u c e s s -  

i v e l y  w i t h  water, Ivory  soap f l a k e  s o l u t i o n  and DTPA. The p e r c e n t a g e  

o f  plutonium i n  each wash and i n  t h e  ce l l s  i s  shown i n  T a b l e  7 .  

It i s  c l e a r  from da ta  t h a t  t h e r e  was a p p r e c i a b l e  uptake  of  

Pu b y  t h e  b a c t e r i a l  c e l l s .  There w a s  g r e a t e r  up take  p e r  gram of 

Pseudomonas c e l l s ,  a gram-negative bac ter ium.  The u p t a k e  w a s  12 t i m e s  

g r e a t e r  by t h e  Pseudomonas. I n  t h e  l e a d  up t a k e  exper iments  , .  t h e  gram- 1 

n e g a t i v e  b a c t e r i a  took up 30 times as much a s  t h e  Micrococcus,  a gram- 

p o s i t i v e  bac ter ium.  Experiments are planned f o r  t h i s  y e a r  t o  de te rmine  

i f  t h e  Pu i s  a s s o c i a t e d  w i t h  t h e  c e l l  w a l l  and membrane f r a c t i o n  or w i t h  

t h e  cy toplasmic  f r a c t i o n .  

2. The above experiment  was r e p e a t e d  u s i n g  h i g h  f i r e d  Pu02, t h e  

o n l y  d i f f e r e n c e  b e i n g  t h a t  t h e  PuO2 w a s  conta ined  i n  a d i a l y s i s  bag. 

I n  t h i s  experiment  t h e  average  uptake  o f  Pseudomonas w a s  300% p e r  gram 

I of  b a c t e r i a l  c e l l s  and f o r  Micrococcus 14% p e r  gram of c e l l s .  This  

is t h e  same o r d e r  a s  i n  t h e  p r e v i o u s  exper iment ,  Pseudomonas e x h i b i t i n g  

21  times g r e a t e r  uptake.  However, t h e  r e s u l t s  of t h i s  experiment  are 
, I  
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TABLE 7. Microbial Uptake of 239P~(N03)4 

A. Micrococcus luteus 

Water Wash 
%Pu 

Medium 98.7 

Ivory Soap Wash DTPA Wash 
%Pu %Pu 
84.6 90.3 

Wash 1 5.2 7 . 4  5.7 

Wash 2 1.2 1.8 1.7 

Wash 3 0.6 2.8 1.1 

Bacterial cells 3 . 2  3.5 1 . 8  

Average uptake per gram of Bacteria = 2.33%/gram 

B. Pseudomonas aeruginosa 

Water Wash Ivory Soap Wash DTPA Wash 
%Pu WU ZPU 

Medium 75.6 70.8 73.8 

Wash '1 5.7 10.6 10.3 

Wash 2 5.0 7.0 3.9 

Wash 3 1.4 1.8 1.2 

Bacterial cells 12.3 9.8 10.7 

Average uptake per gram of Bacteria - 27.3%/gram 
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i n t r i g u i n g .  

n e a r l y  10 t i m e s  g r e a t e r  f o r  b o t h  b a c t e r i a l  t y p e s .  T h i s  is i n t e r e s t i n g  

because t h e  Pu w a s  conta ined  i n  a d i a l y s i s  bag and even i f  t h e  smaller 

o r  s o l u b l e  p a r t i c l e s  escaped t h e  b a g ,  t h e r e  i s  no r e a s o n  t o  s u s p e c t  

t h e  uptake  should  be g r e a t e r  t h a n  f o r  t h e  

planned t o  answer t h i s  phenomenon. 

For reasons  unknown a t  t h i s  t i m e  t h e  u p t a k e  p e r  gram w a s  

- 
NO3 form.  Experiments are 
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2. Uptake of Plutonium by Plants and Plant Qoots 

The main consideration in any food chain ultimately leading to man 

is biological uptake of 239Pu by primary producers (Dlants). The 

controversy arises when considering whether the plutonium contamination 

. is actually uptake or merely surface contamination. E.M. Romnev, and 1,- 
I !  
$ !  others2 have indicated that relatively small amounts of 239?u are trans- 

. .... , i I!, 
. ' 7  .\ 

I ferred from soil to plants through roots. Concentration factors of .--, 
,/. -, . *  

, /7 
.' f / ." -4 

!/ IO-to were noted. Their conclusions assume that the hiah con- 

centration factors from environmental samples are due almost entirely 
____I__ 

: _c. 

to external surface contamination. In order to explore t h i s  controversy, 

the followinp: preliminary experiments were performed. 

Barley plants were grown in nutrient media from seeds in order t o  

test the active transport of plutonium by plant roots. Roots were cut 

from the barley plants and enclosed in cheesecloth packets. They 

were then introduced into a solution containing soluble 239Pu(V03>4. I 
I At certain intervals a packet of roots was removed and washed with 

distilled water in order to remove the majority of the surface contam- 

ination. A tentative con- The roots were then analyzed for 239Pu. 

I centration factor from solution to roots of approximatelv 200 was ob- 

I served. This is evidence that root uptake is not selective against 
I 

239Pu(N03)b. With such a large concentration factor in roots, an ex- 

periment was desiqned to investiEate the uptake into the aerial portion 

o f  the plant. 

-. 

.- 

Barley plants were again grown from seeds in greenhouse conditions 

until root-length was sufficient. The roots were then introduced into 

solutions of complete media spiked with 239Pu(N03)4 or high fired 
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239Pu02. The complete  media conta ined  a l l  n u t r i e n t s  r e q u i r e d  f o r  

h e a l t h y  p l a n t  growth. It should  b e  noted t h a t  a t  no t i m e  d i d  t h e  

aer ia l  p o r t i o n  of t h e  p l a n t  come i n t o  d i r e c t  c o n t a c t  w i t h  t h e  s p i k e d  

s o l u t i o n s .  C o n c e n t r a t i o n  f a c t o r s  from t h e  r o o t s  t o  t h e  a e r i a l  p o r t i o n  

are  g i v e n  i n  T a b l e  8 .  These c o n c e n t r a t i o n  f a c t o r s  a r e  i n  t h e  same 

ranges  as t h o s e  g iven  by Romney f o r  s o i l  t o  a e r i a l  p l a n t  p o r t i o n s .  

s i g n i f i c a n t  d i f f e r e n c e  was noted between t h e  239Pu02 and t h e  239Pu(N03) 4 

u p t a k e ,  and a n  increase i n  uptake  over  t i m e  was a p p a r e n t  f o r  b o t h .  

No 

These exper iments  show t h a t  a t  least  i n  a n o n - s t r e s s e d  environment 

r i c h  i n  n u t r i e n t s ,  t h e r e  does appear t o  b e  a s e l e c t i v e  mechanism 

which d i s c r i m i n a t e s  a g a i n s t  plutonium r e a c h i n g  t h e  a e r i a l  p o r t i o n  of  

t h e  p l a n t .  

I n  c o n c l u s i o n ,  r o o t s  appear  t o  c o n c e n t r a t e  2 3 9 ~ u  i n  r e l a t i v e l y  

l a r g e  amounts,  b u t  t r a n s f e r  of 239Pu t o  t h e  rest of t h e  p l a n t  is 

n e g l i g i b l e ,  a t  l eas t  i n  non-stressed c o n d i t i o n s .  There i s  evidence  

t h a t  t h i s  is  n o t  t h e  case under s t r e s s e d  c o n d i t i o n s .  

i n s t a n c e ,  w i l l  accumulate  t o  a h i g h e r  d e g r e e  when p l a n t s  are i n  a 

s t r e s s e d  "hunger s t a t e " .  More i n v e s t i g a t i o n s  need t o  b e  conducted 

concern ing  u p t a k e  i n  s t r e s s e d  v e r s u s  non-s t ressed  c o n d i t i o n s ,  b u t  a t  

t h i s  p o i n t ,  w e  can s a y  t h a t  s u r f a c e  a d s o r p t i o n  a p p e a r s  t o  b e  t h e  main 

s o u r c e  o f  contaminat ion  i n  envi ronmenta l  p l a n t  samples .  

2 1 0 ~ o ,  f o r  
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T U L E  8 .  Uptake of Pu by P l a n t s  

Sample 

Contro l  1 
Cont ro l  

Pu02 - 1 
PUO2 - 1 

Pu02 - 2 
PUO2 - 2 

Pu02 - 3 
PUO2 - 3 

P O 3  - A 
%NO3 - A 

P O 3  - 4 

qNO3 - 5 

$NO3 - 6 

P,N03 - 4 

v o 3  - 5 

y o 3  - 6 

T i m e  o f  Harvest  
(Hrs. ) 

1059 

1059 

1059 

138 

138 

48 

138 

138 

72 

138 

S a m D l e  Type ' -  

T o t a l  
Roots 

T o t a l  
Roots 

T o t a l  
Roots 

To t a l  
Roots 

T o t a l  
Roots 

T o t a l  
Roots 

T o t a l  
Roots 

Tot a1 
Roots 

To t a l  
Roots 

T o t a l  
Roots 

T o t a l  
Roots 

Ley 
Coy+ ra  t i on 

Fac tor  

1.10 p c i  
2.90 

4.70 p C i  
1130 p C i  4 ~ 1 0 - ~  

1.60 pCi 
1180 . p C i  l ~ l O - ~  

2.90 pCi 
3400 p C i  8X10e4 

72.6 p C i  
145,000 p C i  , ~ x I O - ~  

7.4 p c i  
6460 pci  ~ 1 ~ 1 0 - 3  

0.388 pCi 
170,000 pCi .2.2x10'6 

210 p c i  
125,000 p C i  1 . 6 ~ 1 0 - ~  

35.9 p c i  
141,000 p C i  2X10-4 

103 p C i  
107,000 p C i  ~ Y C ~ O - ~  

36.5 p C i  
132,000 p C i  Z X ~ O - ~  
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3 .  Uptake of Plutonium by Freshwater Fish 

Because fish are a possible link to man in an aquatic food chain, 

the possibility of their concentrating 239Pu is of importance. . A 

preliminary experiment was designed to examine the transfer of 239Pu 

from water to fish. Goldfish were introduced into an aquarium con- 

taining 22 liters of water spiked with 239~u(~.~~3)4 and neutralized 

to a pH of 7.4. Because a charcoal filter could not be used in the 

aquarium, the fish survived in this confined environment for only 96 

hours. Fish and water samples were taken periodically. The results are 

in Table 9 and Figure 3. In order to insure no surface contamination 

o r  cross contamination from dissection on the relatively small fish, 

the outer epidermal and scaley portion of the fish was sloughed off 

by immersing the fish in a beaker of concentrated nitric acid. This 

left only fish muscle and bone to be analyzed. A concentration factor 

of 100 was noted after 96 hours. 
:-r, .,L 

Little dataavailable from the literature for concentration 

factors from fresh water in fish. 

concentration factor from water to fish using 238Pu02 microspheres of 

approximately 1000. Pillai showed relatively low concentration factors 

for marine fish. More intricately designed experiments over a longer 

However, Adam and Fowler' show a 

2 

time period are planned in order to better determine the concentration 

factors in fish. These will be done to investigate not only transfer 

from water but also transfer to fish through the food chain which 

should be of more importance since fish ingest very little water. 
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TABLE 9. Accumulation of 239Pu by G o l d f i s h  

F i s h  Water 
cpml gm . cpmlml Sample Time  ( 4  h r s . )  

0 

1 
2 

3 

4 

5 

6 
7 

8 

9 

10 

. 00 

.08 

.17 

.50 

2.00 

3.50 

5.50 

21.30 

93.50 

96.50 

98.00 

-- 
2 4  

45 

308 

769 
654 

1308 

1081 

2780 

2787 

1210 

48 

41 

55 
51 

41 

47 

49 

44 

31 

28 

21 

I -- 
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4.  T r a n s f e r  Kinetics of Pu from Water t o  Sediment 

Experiments were performed s t u d y i n g  t h e  t r a n s f e r  of  Pu from water 

t o  sediment .  

a l lowed t o  c o n t a c t  sediment from Pond 7 .  The d i s a p p e a r a n c e  of  a c t i v i t y  

from t h e  water w a s  s t u d i e d  as a f u n c t i o n  of t i m e .  

Rocky F l a t s  pond water w a s  s p i k e d  w i t h  P u ( N O ~ ) ~  and 

The f u n c t i o n  ap-  

peared t o  c o n s i s t  of two e x p o n e n t i a l  terms and was d e s c r i b e d  by t h e  

e q u a t i o n :  

-0.723t 
= C0(0.75 e > -0 .066t  + 0.25 e 

where: C ( t >  i s  t h e  c o n c e n t r a t i o n  of  Pu i n  w a t e r  a t  any t i m e  t 

t = t i m e  i n  days  

Co( t )  = i n i t i a l  c o n c e n t r a t i o n  of Pu i n  water. 

This e x p e r i m e n t a l  f i n d i n g  f i t s  remarkably w e l l  w i t h  a c t u a l  pond 

The average  Walnut Creek f low i n t o  Pond 2 d u r i n g  

The volume of  Pond 2 w a s  ca lcu-  

l i m n o l o g i c a l  d a t a .  

1971 w a s  measured t o  b e  480 M3/day. 

l a t e d  t o  b e  1500 M3. Therefore ,  t h e  mean l i f e t i m e  of  any p a r c e l  of 

water i n  Pond 2, i f  mixing is uniform,can b e  c a l c u l a t e d  as f o l l o w s :  

From t h e  e q u a t i o n  above, 78% of t h e  Pu i n  water d e l i v e r e d  t o  Pond 2 ,  on 

t h e  average ,  should  b e  exchanged t o  sediment  i n  an a v e r a g e  r e s i d e n c e  

t i m e  o f  3.1 d a y s .  

From a v e r a g e  sediment  Pu c o n c e n t r a t i o n s  de te rmined  i n  1 9 7 1  and 

measurement o f  sediment  d e p t h s  i t  w a s  e s t i m a t e d  t h a t  t h e  i n v e n t o r y  of  

Pu i n  t h e  4 h o l d i n g  ponds on Walnut Creek w a s  as f o l l o w s :  
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Pond 2 

Pond 3 

Pond 4 

Pond 5 

1.75 x 105 p c i  

0 . 2 3  p c i  

0.23 x lo5 p C i  

0.05 x lo5 p C i  

From t h i s  i t  can b e  c a l c u l a t e d  t h a t  Pond 2 c o n t a i n s  approx ima te ly  77% 

o f  t h e  Pu i n  t h e  t o t a l  of t h e  f o u r .  It  must b e  f o r t u i t o u s  t h a t  t h e  

numbers are  s o  c l o s e ,  as o f t e n  t h e  water flow is  s h u n t e d  by some o f  t h e  

ponds. Also,  t h e  d a t a  f o r  Pond 4 does n o t  a g r e e  w i t h  what would b e  

p o s t u l a t e d  u s i n g  t h e  above s i m p l e  approach.  

I t  i s  however,  encourag ing  and a d d i t i o n a l  expe r imen t s  w i l l  b e  

performed t o  d e s c r i b e  t h e  r e t e n t i o n  f u n c t i o n  more a c c u r a t e l y  and see 

what p a r a m e t e r s  a f f e c t  i t ,  e . g .  pH, Pu chemica l  form, t empera tu re .  

... 



5.  T r a n s f e r  o f  Pu from Water t o  Algae 

Algae c o n s t i t u t e  by f a r  t h e  m a j o r i t y  of t h e  a q u a t i c  p l a n t  material 

found i n  t h e  h o l d i n g  pond c h a i n  on Walnut Creek. I n  t h e  p r e v i o u s  y e a r  

of  s t u d y ,  we observed t h a t  t h e  t r a n s f e r  from water t o  a l g a e  was ex- 

t r e m e l y . h i g h .  I n  f a c t ,  much h i g h e r  t h a n  p r e v i o u s l y  observed f o r  

mar ine  sys tems " '. T h i s  should  b e  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  

m i n e r a l  c o n t e n t  of ocean water i s  s o  much g r e a t e r  t h a n  f r e s h  water t h a t  

t h e  t u r n o v e r  r a t e  m u s t  b e  c o r r e s p o n d i n g l y  g r e a t e r .  Thus, t h e  e q u i l i b r i u m  

c o n c e n t r a t i o n s  i n  marine a l g a e  would b e  p r o p o r t i o n a t e l y  less and t h e  

c o n c e n t r a t i o n  f a c t o r s  less. 

The c o n c e n t r a t i o n  f a c t o r s  w e  r e p o r t e d  i n  l as t  y e a r s  r e p o r t  were 

4 i n  t h e  o r d e r  of l o 4  t o  5 x 10 . 
An experiment  was designed t o  s t u d y  t h e  uptake.  of Pu by a l g a e  

under  c o n t r o l l e d  c o n d i t i o n s .  W e  used t w o  t y p e s  o f  a l g a e .  C h l o r e l l a ,  

a u n i c e l l u l a r  s p h e r i c a l  a l g a e  and S p i r o g y r a  a f i l a m e n t o u s ,  c o l o n i a l  

type .  Of t h e  two c h l o r e l l a  h a s  t h e  g r e a t e s t  s u r f a c e . a r e a .  We s p i k e d  

the n u t r i e n t  media c o n t a i n i n g  t h e  a l g a e  w i t h  e i t h e r  239Pu(N03)4 o r  

239Pu02. The c o n c e n t r a t i o n  f a c t o r s  observed  a f t e r  1 week a r e  shown i n  

T a b l e  10. 

The data from t h i s  p r e l i m i n a r y  experiment  s u g g e s t  that  uptake  by 

a l g a e  i s  more than  s imply s u r f a c e  a d s o r p t i o n .  This is concluded from 

t h e  o b s e r v a t i o n  t h a t  t h e  uptake  seemed independent  of t h e  s u r f a c e  area 

of  t h e  a l g a e  type .  Also, t h e  u p t a k e  w a s  s i g n i f i c a n t l y  g r e a t e r  f o r  t h e  - -  

- 
more s o l u b l e  NO3 form. 



. .  ... 

Algae 

Chlorella 

S p i ro g y r a  

TABLE 10. Uptake of Pu by Algae 

Pu Chemical Form Mean Concentration Factor 

239Pu(N03) 4' 40,600 

232~u02  9 ,800  

* 
2 3 9 ~ u  ( ~ 0 ~ )  

2 3 9 ~ u ~ 2  

42,000 

6,800 

* C.F. after 2 d a y s  due  t o  necrosis. 

I 
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V.  Conclusions 

A f t e r  two f u l l  y e a r s  of f i e l d  and l a b o r a t o r y  s t u d y  on t h e  movement 

of Pu i n  a f r e s h  water system, w e  s t i l l  can make o n l y  a few t e n t a t i v e  

c o n c l u s i o n s .  This  is because (1) a g r e a t  p e r c e n t a g e  o f  e f f o r t  d u r i n g  

t h i s  second year was devoted t o  improving our  a n a l y s i s  technique  and 

(2 )  o u r  sampling p r o t o c o l  w a s  s e r i o u s l y  d i s t u r b e d  by pond c o n s t r u c t i o n  

a c t i v i t i e s .  

It does  appear  however, t h a t :  

1 
(3)  The Pu c o n c e n t r a t i o n s  r e p o r t e d  i n  t h e  p r e v i o u s  a n n u a l  r e p o r t  

n o t  i n  s e r i o u s  e r r o r .  

( 4 )  Bacteria do t a k e  up s i g n i f i c a n t  Pu a c t i v i t y ,  b u t  i t  i s  n o t  c lear  

a r e  

whether  t h i s  Pu i s  more o r  less n o b i l e  i n  any n a t u r a l  food c h a i n .  

(5) The uptake  by f r e s h  water a l g a e  is  ext remely  h i g h  and dependent 

upon t h e  chemical  form of  t h e  Pu. 

(6)  The d r a s t i c  p h y s i c a l  changes i n  t h e  e x i s t i n g  ponds and t h e  con- 

s t r u c t i o n  of a new pond w i l l  a l l o w  o b s e r v a t i o n  of t h e  k i n e t i c s  of  Pu 

b u i l d u p  i n  v a r i o u s  conponents and s p e c i e s .  

( 7 )  The exchange of Pu from water t o  sediment  i s  very r a p i d .  

k i n e t i c s  of exchange observed i n  l a b o r a t o r y  exper iments  a p p e a r  t o  des-  

The 

c r i b e  t h e  c o n c e n t r a t i o n s  found i n  t h e  Rocky F l a t s  h o l d i n g  pond system. 
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